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Abstract 
Post Occupancy Evaluation of office buildings – comparing user satisfaction and actual 
indoor environmental conditions 
 
Thesis submitted to the International Hellenic University, School of Science and Technology, 
Greece, on October 2012 
for the degree 
MSc in Energy Systems 
Supervisor: Prof. Isaac Meir 
In the last decades energy consumption has become an issue of major concern globally. The 
rapidly growing energy use has already raised concerns about the difficulty of supplies, the 
depletion of energy resources and serious environmental impacts (climate change, ozone layer 
depletion, global warming etc). The contribution of buildings into energy consumption counts 
40%, a percentage that exceeds the other sectors such as industry and transport. There are 
future predictions that energy consumption of buildings will rise due to population growth, 
increasing demand for high quality building services and comfort levels. The present thesis 
focuses on the record of the environmental conditions that prevail in an office building in 
Greece through Post Occupancy Evaluation (POE). POE is a tool for the stakeholders of a 
building to manage effectively the indoor environmental conditions through the users’ 
experience in order to reduce energy consumption and to achieve occupant satisfaction.  
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Introduction 
Energy consumption is an issue of major concern internationally. There is a global 
apprehension about the growing demand for energy use that leads to barriers in finding energy 
supplies, exhaustion of energy resources and environmental negative consequences such as 
climate change. The three sectors that are responsible for the highest consumption of energy 
are the industry, transport and buildings. Buildings consume 41% of the overall energy, 
transport uses 33% and finally industry 22% in EU. In order to conserve energy, these 
numbers must be reduced.  
As far as buildings are concerned, the demand for energy will continue to rise due to growth 
population, demand for high quality services of buildings and comfort levels. Buildings are 
the basic consumer of energy as people spend most of their time life indoors (80 – 90%) 
because they live in buildings and do many activities like sleeping or working in indoor 
environments. So their health, well – being and working performance depend on the 
conditions that prevail in the building.  
But as there is demand for reducing the energy use, there is an increasing demand also for 
comfort levels. When buildings are constructed, there is little information about the after the 
construction operation of the building. Therefore the same mistakes during the design of the 
building are repeated, each building functions as a unique sample and when evaluation 
systems of the building are going to be implemented, many stakeholders confront it with 
suspicion, because the measures that may have to be undertaken for the functionality of the 
building are usually costly. So the inspection of available information about the efficiency of 
each building is necessary.  
Post Occupancy Evaluation (POE) is a tool that can be used from the stakeholders of the 
building to assess its performance. It includes the plan analysis and the monitoring of the 
indoor environmental quality (IEQ) and indoor air quality (IAQ) and thermal performance 
through the experiences of building users that are recorded through observations, user 
satisfaction questionnaires and structured interviews. The main benefits of POE are the 
following: 
 The acquisition of building user opinion, the identification of building problems and 
recognition of solutions. 
Introduction
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 The implementation of the information of previous building cycles into a next. 
 The creation or update of protocols or standards that should be applied to buildings for 
international knowledge. 
The present thesis is structured as follows: 
The first chapter introduces the main subject and presents the main points. It reviews the 
existing literature and refers to energy and environmental concepts like climate change and 
pollution and the building energy consumption. It mentions analytically the main parameters 
of indoor conditions such as indoor air quality (IAQ), ventilation, thermal comfort, lighting 
and examines the role of Sick Building Syndrome (SBS). It shows the demand for the 
implementation of green building and records various building rating systems such as LEED 
and BREEAM. At the end of the chapter, the importance of POE is included. 
The second chapter consists of the survey that has been conducted in an office building in 
Greece and used POE tool, specifically through a questionnaire. There is a presentation of 
three different workplaces within the same building and some statistical results that were 
obtained from the questionnaires are showed to lead to valuable conclusions. 
The third chapter shows the conclusions of the study and some improvements that can be 
done to the specific workplaces in order to achieve comfort levels and user productivity.   
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Chapter 1 
Theoretical background of the 
study 
 
1.1 Climate change and pollution. 
 
Climate change and environmental destruction are among the most important problems that 
the modern civilization faces globally. The extreme weather conditions, the heavy 
precipitation, the heat waves, the droughts, the hurricanes are very common in recent years. 
This situation exists because human beings seek continuously with a thoughtless way growth 
and prosperity. However development and progress are succeeded only when the natural 
foundations of life are replenished and this does not mortgage the future (J.T. Houghton, 
1995). 
The causes of the environmental issues have to be searched in the relationships of man with 
the nature and of man with the man. The solutions to these problems will occur through the 
collective actions of political leaders, governments, industries and citizens of all around the 
world. Therefore, an awareness campaign is needed about the problem of climate change and 
the consequences of it and also the promotion of ways to confront it, by changing some daily 
habits. The control of climate change is without doubt one of the most significant challenges 
of mankind that has to face (J.T. Houghton, 1995). 
Climate is the average weather condition that prevails in a particular region over a long period 
and varies due to natural conditions. The global climate is the result of complex interactions 
between several factors that characterize at the one hand the main source of energy (solar 
radiation) and at the other hand a large number of terrestrial features and phenomena which 
form it, such as the composition of the atmosphere, winds, ocean currents, rain, volcanic 
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eruptions etc. The climate of the planet has never been stable, but as it has been shown 
recently, in last decades there are variations beyond the normal due to human, industrial and 
agricultural activities and interventions. The next subchapters present the main reasons for 
this change of climate (J.T. Houghton, 1995). 
 
1.1.1 The greenhouse effect.  
 
The solar radiation warms the earth’s surface. As the temperature of the earth increases, heat 
is returned to the atmosphere and one part of it is absorbed or reflected back to the earth from 
the greenhouse gases that exist in the atmosphere like carbon dioxide, water vapors, nitrous 
oxide, methane and ozone. This natural process is called the greenhouse effect and is 
responsible for the life in our planet. Without it, the average temperature of the planet will be 
-18°C. More simply, the earth is surrounded by a layer of invisible gases (like carbon dioxide) 
that operate as a greenhouse. They keep the warmth of the sun and do not let it to go. 
Over the last century, the concentration of those gases, that 80% of it is consisted of carbon 
dioxide, is the highest in 650.000 years. This results to the increase of the average temperature 
about 0,74°C all over the world and especially in Europe about 1°C (Ierodiakonou, 2009) .  
The use of fuels for the production of energy, like petrol and oil, has caused the gathering of 
huge amounts of carbon dioxide in the atmosphere. Moreover, there are more greenhouse 
gases that come from industrial activities, agriculture and rubbish dumps (J.T.Houghton, 
1990). 
 
1.1.2 The ozone hole. 
 
The physical layer of ozone, that exists in the stratosphere (25 km over the earth) and that acts 
like a shield against UV radiation, is in danger. The existence of the ozone layer protects the 
life in earth and absorbs the biggest part of the UV radiation of the sun, which is harmful for 
the living organisms. However, during the last decade has been decreased by 6 – 7% due to 
several gases that humans use. The chlorofluorocarbons which are released from the use of 
aerosols, air – conditioners, fridges, extinguishers and other devices come up to the 
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stratosphere and this leads to the dilution of the ozone layer and the creation of the so called 
ozone hole over Antarctica (J.T.Houghton, 1990). 
 
1.1.3 The pollution of the atmosphere, water and soil. 
 
The pollution of the atmosphere is another problem of modern societies, as it has been 
observed during recent years simultaneously with the progress of man. Factories, power 
plants, ore processing plants, modern means of transport (cars, airplanes) are responsible for 
the emission of harmful gases and particles in the atmosphere. Another sources of 
atmospheric pollution are also the physical phenomena such as fires and volcanic eruptions. 
Specifically in big industrial cities, the air is so polluted that can be distinguished by the 
change of the colour of it. It is called smog, has brown colour and is harmful for people and 
nature. In many regions the pollution of the atmosphere has noxious effects at the agriculture 
and food that is consumed.  
The value of water is important because every living organism on the earth is depending on 
that, in order to survive. However the pollution of rivers, lakes, sea and underneath water is 
observed because the factories deposit the waste there. The effluents from households are also 
an important issue. Underneath water is infected when some harmful liquids, dangerous for 
human health, are poured onto the ground and absorbed by it. Such harmful substances are 
petrol, car oils, detergents, solvents, fertilizers, pesticides, insecticides that are used for 
cultivation of land. In the third world countries many diseases very often are manifested as a 
result of the consumption of infectious water or unhealthy conditions of living. In the sea 
water thermal and biological pollution has been observed and organic pollution of rivers, 
lakes and seas which is provoked by the waste disposal without processing from households 
or industrial activities. 
Soil is generally the intermediate recipient between the atmosphere and the hydrosphere and 
the superficial layer of the earth’s crust that is consisted of inorganic and organic material, 
water, air and living organisms. The formation of soil is an extremely slow process so it is 
essentially considered as a non – renewable resource. Soil gives us food, biomass and raw 
materials, stores, filters and transforms many substances such as water, nutrients and carbon. 
However, soil is threatened by many processes, such as corrosion, reduction of organic 
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matter, reduction of biodiversity, flooding, landsides and pollution. With regard to pollution, 
soil and subsoil are distorted in a few meters depth from fertilizers, pesticides and 
insecticides. Soil is also infected by toxic substances, pollutants, rubbish etc (Ierodiakonou, 
2009). 
 
1.1.4 The depletion of resources. 
 
The natural environment provides land, raw material and energy and also natural conditions 
and processes that are used for the overall production. Natural environment also provides vital 
features like air, solar radiation that are necessary for the living organisms. Natural resources 
are the primary components of nature like air or water that can be used for the satisfaction of 
the human needs. They are the production forces that exist and act in the natural environment 
and are utilized for the completion of his needs. The use of natural resources includes the 
direct consumption (e.g fish or water), the use in intermediate processes like the fusion and 
process of minerals for the abstraction of metals and the consumption in intermediate 
production processes like wood consumed as a source of energy in factories. Natural 
resources can be divided into renewable resources that cannot be depleted and to non – 
renewable that can be depleted. The fact that some of the non – renewable resources are 
extremely valuable for economic growth and it is predicted that will soon be depleted, led to 
intense effort for the discovery of new reserves on the one hand and on the other hand the use 
of renewable resources as an effort to substitute those resources. The abundance of nature 
resources led to the thoughtless exploitation of them that caused losses and energy problems 
globally. The recognition of these problems raised the apprehension for the future. The 
survival of living organisms depends on the correct use of resources. The utilization of natural 
resources must take into account the protection, maintenance and improvement of the reserves 
of the resources but also the satisfaction of the social needs. However, the energy needs are 
not an issue for the present generation but also for the future. So humanity must pass from the 
imprudent use of resources to the management of them (Aggelou & Gonia, 2006). 
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1.2 Building’s energy consumption. 
 
The energy use all around the world has created many concerns about important 
environmental issues like depletion of resources and environmental impacts like those that 
have been already described. During the years 1984 – 2004 the primary energy supply has 
raised by 49% and carbon dioxide emissions by 43% (Luis Pe´rez-Lombard, 2007). This 
situation is continuing and it is estimated that by 2020 the energy use by developing regions 
like Africa and South America will grow by 3.2% and will exceed that of the developed with 
a growing rate of 1.1%. This situation leads to the results below (Luis Pe´rez-Lombard, 
2007): 
 The rate of population growth is far below the GDP. This leads to the increase of the 
per capita income and wealth globally. 
 Primary energy consumption is growing at a higher rate than that of the population. 
 Carbon dioxide emissions have been increased of about 5%. 
 Electrical energy consumption has been increased and resulted to an increase of the 
final energy consumption. 
These facts show the clear connection between energy consumption and economic growth and 
population and emerges the more efficient use of energy with the exploitation of renewable 
resources for instance. Globalization and the continuous improvement of living conditions 
make the need for energy more intense, but this thoughtless way of using energy patterns will 
exhaust the quantity of fossil fuels. 
The energy consumption of buildings counts of 20 – 40% of the final energy consumption. 
The increase of the time that people spend indoors and the need for higher comfort levels has 
raised the energy consumption of buildings. For example in UK the energy consumption of 
buildings has been increased by 0.5% per year and in Spain 4.2% per year. The reason can be 
the spread of the building sector and the expansion of use of HVAC systems in them. In 2004 
the building’s energy consumption was higher than that of industry and transport and counted 
about 37% of the final energy utilization (Luis Pe´rez-Lombard, 2007).  
In the service sector that includes all the buildings that offer public services like hospitals, 
museums, hotels etc. the final energy consumption is influenced by the wide utilization of 
HVAC systems and the increase of the demand for high quality services. In USA for instance 
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the energy consumption of this sector has grown from 11% that was in 1950s to 18%. In UK 
in 2004 the energy use of this sector was 11% of all final energy consumption, equal to the 
EU average (Luis Pe´rez-Lombard, 2007).  
In the residential sector the energy consumption depends on the size and location of the 
dwellings. In small apartments there is less need for energy than in bigger due to fewer 
occupants and less air – conditioned area. The amount and kind of energy used depends on 
the architectural design of the space, the weather, the HVAC systems that are used and the 
financial standing of the occupants. Developed countries use more energy for the satisfaction 
of their domestic needs than those of the developing and it is predicted that it will continue to 
increase. 
In the commercial sector office buildings have the highest energy consumption and carbon 
dioxide emissions. In USA office buildings consist of 17% of the non – domestic buildings 
and 18% of all buildings. In Spain office buildings rank third at the energy consumption in 
this sector and 2.7% of the total energy consumed. There are two main reasons for this 
situation. The first is the expansion of constructing office buildings due to economic 
floridness. In UK the total office floor area has increased of about 4% during 2000 – 2005. 
And the second is the expansion of air – conditioned offices along with the equipment and the 
artificial lighting that is used(Luis Pe´rez-Lombard, 2007).  
The main attempts that have to be done in order to lower the building’s energy consumption 
are the following (G.A. Florides, 2002): 
 Minimization of energy loads of a building by applying the basic principles of the 
energy design of it. 
 Postponing the impact of the energy loads in the building’s interior. 
 Using renewable energy sources. 
 Improving and maintenance of HVAC systems. 
 
1.3 Sick Building Syndrome (SBS) 
 
In recent years many illnesses and symptoms have been provoked by indoor non – industrial 
environments. In many places low concentrations of toxic substances and harmful organisms 
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exist indoors. If these concentrations are not attributed to an accidental exposure, the 
appearance of them is very usual. The existence of health problems that are related to indoor 
conditions has been one of the most environmental issues in last decades. The term “Sick 
Building Syndrome” (SBS) refers to non – specific complaints of occupants of a particular 
building including headaches, fatigue or breathing problems that are appearing when 
somebody enters the building and spends time in it and are disappearing when he leaves the 
building. However, there is no clinical definition for this and no sufficient explanation for its 
occurrence (Y. N. AU YEUNG, 1991). Sick Building Syndrome is also known as “closed 
building problem” or “tight building syndrome” and made its appearance since 1970s very 
frequently. 
The symptoms that are related to the Sick Building Syndrome are the following (Carrie A 
Redlich, 1997): 
 Mucous membrane irritation like eye and throat irritation or cough. 
 Neurotoxic problems like headaches, fatigue and lack of concentration. 
 Respiratory problems like shortage of breath and cough. 
 Skin irritation like dryness and itching and rash. 
 Chemosensory problems like visual discomfort and abnormal perception of odors. 
The primary cause for the existence of SBS is the insistence of constructing more efficient 
buildings (more tight) and the existence of not appropriate ventilation. More specifically the 
causes of SBS can be divided into three main categories (Carrie A Redlich, 1997): air 
contaminants, ventilation and phychological factors. 
The air contaminants can appear in the renovating processes of a building and especially in 
paints, floor materials, insulation materials and cleaning. The concentration of mould and 
bacteria from humidity can be absorbed by carpets or ceiling tiles that can harm human’s 
health. Also the absorption of dust and particles from the carpets of a space can cause 
breathing problems. Other parameters such as temperature, relative humidity, lighting, noise 
can also cause many symptoms. 
Ventilation is another parameter for the manifestation of SBS symptoms. The role of the 
ventilation systems is to replenish the air that exists in the indoor environment with fresh air 
coming from outside. This process ensures the removal of the air pollutants from a space. The 
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inappropriate maintenance of HVAC systems or the inadequate ventilation like inappropriate 
air inlets full of microorganisms due to the position of the ventilated space near areas like 
landfills can have many unpleasant effects. 
Another coefficients that can contribute to the occurrence of SBS indications is the time that 
people spend in the affected building, the dissatisfaction from their work, the anxiety that a 
job can create or the medical record of a person (if he is sensitive due to illnesses that he may 
have). 
 
1.3.1 Sick Building Syndrome and productivity. 
 
Many studies have connected the occurrence of Sick Building Syndrome with performance of 
the occupants of a particular building. SBS can exist in many public buildings such as 
libraries, hospitals and office spaces. In order to ensure the prevalence of SBS many 
researches have used questionnaires that were delivered among the users of the building 
(W.Bradford Lyles, 1991). Such questionnaires had questions about if people have the 
symptoms of SBS and in what degree.  
What has been referred in the literature about the relation between SBS and working 
performance is that it cannot be clearly defined. However, several studies have examined the 
benefits lost from the subsistence of SBS. For example, in a study of 100 U.S offices, 23% of 
them experienced more than two symptoms of SBS. The estimated productivity reduction has 
been calculated of 2% with an annual cost of $60 billion. In contrast, the decrease of SBS 
symptoms can cause annual economic profits from $10 billion up to $30 billion. In a survey 
in the U.S the productivity loss of workers due to poor indoor conditions was 3%. In another 
study in a call center, 20% of them have reported that their job was obscured because of 
adverse indoor circumstances. In tests that were conducted to measure the productivity of the 
workers, those workers that referred to any of the SBS symptoms took 7% longer to respond 
to neurobehavioral test and had 30% more errors in a second test (Fisk, 2002). 
In UK in an office that 2500 employees were working, it was estimated that the absence of 
one day from the office due to the SBS and one hour away from work complaining about the 
indoor conditions have interfered to the company costs around £400.000 for a year. In another 
company in UK when the ventilation rate of the space was increased, the productivity of the 
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workers was increased too. The people that have in average of about two symptoms of SBS, 
have also an effect on their productivity (Burge, 2004).  
In Switzerland some employees that were moved from a naturally ventilated space to an air – 
conditioned one, expressed several symptoms due to their removal. In Netherlands the 
employees that could control the conditions prevailing in their space appeared 34% fewer 
days of absence from their work than those that they did not have any control of their 
environment (Burge, 2004). 
 
1.4 Indoor air quality (IAQ). 
 
People spend during their life time most of their time indoors (approximately 90%). Many of 
them spend their working time inside facilities such as factory or a coffee shop. According to 
many studies poor indoor air quality can be the cause of many symptoms like cough or 
headache. These symptoms can influence the people’s health, comfort, satisfaction and work 
productivity (G.Lee, 1996). 
These phenomena have become frequent in the recent years as buildings are now constructed 
more tightly sealed, more energy conservation programs are implemented and many machines 
such as photocopiers in the working environments are used. On the other hand the awareness 
of people to environmental issues has increased.   
Exposure to indoor air and health effects that result from it vary between different countries. 
In developing countries burning of fossil fuels indoors is still practiced, often in open fires, 
polluting the indoor air and causing severe health problems. In the eastern European countries 
modern building constructions occur with high ventilation rates and low rates of allergies and 
diseases, but with high rates of other kind airway illnesses. The burning of solid fuels for 
cooking and heating in developing countries is responsible for 4% of the global burden of 
disease, about 2 million premature deaths per year.  
In many regions in the world allergies affect half of the population, the young people more 
than the older. In Europe allergic illnesses are more connected to the western lifestyle, social 
and economic conditions, while in different regions like USA this situation does not exist 
(Sundell, 2004).  
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1.4.1 Effects of IAQ.  
 
The most ordinary physical symptoms that result from poor IAQ are included below 
(Columbia, 2005): 
 Headaches 
 Fatigue 
 Shortness of breath 
 Coughs, especially dry coughing 
 Sneezing 
 Eye, nose and throat irritation 
 Skin irritation 
 Dizziness 
 Nausea 
However all those symptoms are not always attributed to poor indoor air conditions. Many 
times they are accrued from noise, stress while at work or job dissatisfaction. 
 
1.4.2 Factors that affect IAQ.  
 
The factors that can affect indoor air are the following (Columbia, 2005): 
 Building design. 
 The heating, ventilation and air conditioning (HVAC) systems of the building. 
 The outdoor environment. 
 The people that occupy the building. 
 Contaminants inside and outside the building. 
The building design, layout and detailing are responsible for the exchange of the air between 
indoors and outdoors and for the circulation of fresh air inside the building. For example a 
change in the design of the building like the erection indoor partition, can modify the air 
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circulation and a large portion of contaminants can be concentrated in a specific space 
provoking the dissatisfaction of the occupants of this space. 
The HVAC systems are used for the circulation of the air, the introduction of outdoor (fresh) 
air, the removal of pollutants and the control of the temperature and humidity. Therefore, a 
poorly designed HVAC operated or maintained system can cause poor IAQ. 
The outdoor environment can also affect IAQ. For instance, in cold climates, the reduction of 
the heating building costs is often achieved by reducing outdoor air intake. In very humid 
climates the humidity inside the building is difficult to control. Both situations may affect 
IAQ, occupant health and well – being. 
Occupant behavior in buildings affects the indoor air. Smoking or cooking without using the 
appropriate ventilation rates can be by themselves a source of pollutants. 
Indoor air contaminants can be from indoor or outdoor sources. These contaminants can be 
concentrated even if the HVAC system functions and is maintained properly. Examples of 
these contaminants are the following (Columbia, 2005): 
 Office equipment such as computers and photocopiers. 
 Dust, dirt in the indoor environment. 
 Cleaning and maintenance such as painting. 
 Laboratory materials and activities. 
 Industrial processes, such as dry cleaning and sawing. 
 Vehicle exhaust. 
 Pollen and dust. 
 Smoke. 
Despite those factors, IAQ can be managed effectively. It is possible to control IAQ with the 
following (G.Lee, 1996): 
 First and foremost the occupant activities need to be controlled. For instance, smoking 
indoors must be prohibited and other activities like building maintenance must be 
reduced or accepted in a permitted level when the building is occupied. 
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 Secondly, occupant complaints on the indoor air need to be monitored and 
investigated e.g through questionnaire. Occupants themselves need to assume 
responsibility for their IAQ.  
 Building refurbishment and alternations are often necessary to improve IAQ. 
 Last but not least, and it is presented as one of the most important ways to manage 
IAQ is proper operation, control and maintenance of the HVAC system so that the 
heating, cooling and ventilation rates are acceptable. 
 
1.5 Ventilation. 
 
The supply of fresh air in a room is necessary for the replenishment of oxygen in space, the 
dilution of odors, tobacco smoke and the carbon dioxide produced by people with breathing. 
The necessary amount of fresh air for the above purpose is usually to test the amount of air 
required per person and depends on the density of atoms in space and the type of business. 
In many cases the determination of the amount of air to be supplied by the ventilation system 
is on the basis of the hourly exchange volume (ACH – Air Changes per Hour). But this 
criterion gives high levels of variation for hourly variations of air and do not always ensure 
the economics of operating the facility. In special cases of ventilation needs (car stations, 
paint shops, factories) the calculation of the required fresh air is in accordance with the 
allowable concentrations of harmful substances produced in these areas.  
Filtration and/or purification of the air is required for the control of the air contaminants. The 
installation of a suitable air filtration or purification system is the final step in securing a clean 
and healthy indoor climate (Martinopoulos, 2010). 
 
1.5.1 Ventilation systems. 
 
The ventilation systems are separated in two basic categories: 
 Natural ventilation. 
 Mechanical ventilation. 
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Natural ventilation is defined as the movement of the air inside a building that takes place 
without the intervention of mechanical systems but only by the mediation of the tenants. 
Ventilation requirements are traditionally achieved through natural means.  
A naturally ventilated building must be designed in order to satisfy the rules below: 
 The rate of ventilation should be sufficient to provide the required amounts of fresh air 
for the health and comfort of the occupants.  
 The flow of the outside air must be distributed evenly in the ventilated space to avoid 
creating areas with different conditions of ventilation and to ensure good quality of air 
throughout the area.  
Natural ventilation utilizes the wind forces and density differences in order to move the air 
throughout a building. 
A mechanical ventilation system uses one or more electric fans and sometimes a duct system 
to move air to the interior or the exterior of a building. The choice between natural or 
mechanical ventilation depends on the following factors: 
 The required number of ACH. 
 The required air quality.  
 The accuracy of the control system. 
 The cost of the system. 
Generally an appropriate mechanical ventilation system should have the priorities below 
(Martinopoulos, 2010): 
 The provision of the necessary air renewal. The ventilation system should be able to 
provide enough air inside the building to meet the maximum needs of the occupants. It 
should also be able to regulate this provision to prevent air from exceeding the 
maximum level. 
 The operation according to the requirements of the occupants. The system must not 
operate during those periods which do not require air exchange between the external 
environment and internal space to reduce energy consumption. 
 The distribution of the external air only to those spaces that are in need of this air. 
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1.6 Thermal comfort. 
 
The integrated design of a building should have as its purpose the improvement of the 
environmental features in its interior. Thermal comfort is one of those parameters. It is 
defined as that state of mind in which a person does not want any change in the thermal 
indoor environment and expresses satisfaction with the present thermal conditions. From this 
definition is evident that the situation in which a person feels thermally comfortable is 
subjective. So in the same room it is really possible for a person to express satisfaction with 
the thermal conditions while another person expresses his dissatisfaction. The concept of 
comfort comprises a large number of factors that are defined for each person. Beyond the 
factors associated with social and psychological situation of each individual, the physical, 
biological and external factors that affect it are defined for the evaluation of thermal comfort 
(Nikolaou, 2005).  
Physical parameters: 
 Air temperature. 
 Average radiative temperature of internal surfaces. 
 Moisture content and relative humidity of the air. 
 Internal air. 
 Spatial distribution of the above values. 
Biological parameters: 
 Gender.  
 Age. 
 Health and medical condition. 
 Habits.  
External parameters: 
 Activity defining the metabolic rate. 
 Clothing defining the insulation value. 
All the above parameters and mainly the physical ones affect the natural flow of the energy in 
the form of heat from the environment to the human body and vice versa. The human body 
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has mechanisms that are designed to maintain the thermal state of the body stable and adapt to 
the environment. Our body determines the heat flux reported by balancing heat gain and heat 
loss (R. Kosonen, 2004). 
 
1.7 Visual comfort. 
 
Generally light is used to see and to facilitate our activities. Lighting has a significant impact 
on our everyday life as it affects us physiologically and improves our performance. However 
lighting does not attract adequate attention in the design of buildings. Architects and 
contractors are willing to invest on complex plans and designs for the purpose of producing 
aesthetically pleasing buildings. But, lack of proper lighting affects the aesthetics of a 
building. In addition, a construction that its layout is mediocre in the eye can be very pleasant 
with the suitable lighting. First and foremost, though, lighting should provide visual comfort 
for the specific tasks and chores people undertake within a given space (Steelcase, 1999). 
In order to achieve quality lighting in a space three main components should be defined. 
These components can offer the proper comfort for the users and are presented below: 
 Ambient lighting. 
 Task lighting.  
 Accent lighting. 
The ambient lighting defines the overall amount of illumination throughout an environment. 
Ambient lighting is separated in two main categories: direct and indirect ambient lighting. 
From the definition of the direct lighting, this illumination happens when the lighting falls 
straight downwards. There is no obstacle between the light and the person. The lights that 
distribute direct lighting can cause some glare and bleariness to a person in the specific room. 
It always depends on the position this person has relative to the light, if someone is straight 
below the light or some meters away. 
To achieve indirect lighting the light sources usually are positioned in such a way that their 
light is diffused on the ceiling and then is reflected by it and is spread to the whole space. This 
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kind of lighting is inclined to be more efficient as it does not create any glare and blurring in 
peoples’ eyes. With the utilization of indirect lighting an environment can be more lucent.  
Task lighting completes the ambient lighting as it is the additional lighting that is needed for 
the completion of a specific task that can be done with more lighting.  
Accent lighting is similar to task lighting as it also supplements ambient lighting but it is not 
used for the completion of a specific task. It balances ambient lighting and can forms the 
perception of the room. In many cases when there is no daylight or there is little of it accent 
lighting can substitute it. 
 
1.8 Noise. 
 
Alongside with the above, noise is another factor of similar importance that affects the 
satisfaction of occupants in indoor environments.  Noise is defined as unwanted sound and 
composes annoyance factor, affects the understanding of speech and productivity. Noise can 
come either from internal sources such as heating, cooling and ventilation systems, speech 
and equipment in buildings or from outdoors such as airplanes, cars and other sources and 
activities. Studies have reported symptoms of fatigue, vertigo, disturbance, nausea and neural 
activation due to exposure to noise. Nuisance consists of two categories: subjective 
(emotional disturbance or disturbing the peace), interference with or interruption of activity 
and degree of disturbance (leading to symptoms of anxiety like headache, fatigue and 
irritability). Noise can also cause problems in communication while the effect of productivity 
and performance of the individual is either positive or negative depending on the type of noise 
and work (Nikolaou, 2005).  
Noise affects indirectly the IEQ and may connect user behavior to ventilation (natural or 
mechanical). In terms of natural ventilation noise levels in the external environment affect the 
frequency and duration with which users ventilate the space by opening windows. It has been 
shown that users often avoid opening windows in a naturally ventilated building in order not 
to be disturbed by outside noise reducing thereby the rate of ventilation with negative impacts 
on IAQ. But the noise is also associated with mechanical ventilation and is produced by 
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forced flow of air vents and fans especially in the case of recirculation air systems which 
usually return a higher air velocity.  
In the previous chapters the importance of IAQ, ventilation, thermal comfort, lighting and 
noise and some general features of them were presented. The subject of this study is the 
examination of those parameters and the satisfaction of the users in a specific office 
environment. So it is important to overlook on similar studies that occurred in office 
environments and the results of them as well.  
 
1.9 IAQ  and ventilation in office environments. 
 
People spend most of their time indoors, not least in their work environments. With this in 
mind, it becomes imperative to ensure healthy working environmental conditions, such as 
breathing clean air, thermal satisfaction and visual comfort. In tandem, providing occupant 
well – being and health are not only an obligation; good working conditions raise the 
productivity of the workers. Some studies showed that in the United States a yearly increase 
of productivity due to reduction of respiratory diseases produces about $10-20 billion. 
Generally pleasant environmental conditions can yield about $12-125 billion. Moreover the 
costs which are associated with healthy indoors are very small in comparison with the overall 
operational and maintenance costs (R. Kosonen, 2004). 
The most workers expressed their satisfaction with a right operated ventilation system which 
removed pollutants from human bioeffluents, tobacco smoke and building materials. That is 
the reason that the ventilation system should be inspected frequently as it may by itself be a 
source of contaminants. 
In the same study it was indicated that the productivity of the workers was clearly related to 
IAQ and was increased with the improvement of working air quality in the workspace. The 
study was transacted by reducing the pollution load or keeping it stable while increasing the 
outdoor air supply by opening the windows for example. Some specific working tasks were 
also taken into account such as typing, addition and proof reading. The quality of the air and 
the working performance of the people were correlated positively. Analytically, the task of 
typing was improved by 1.4%, the addition by 1.1% and the proof-reading by 2.3% (R. 
Kosonen, 2004).  
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Some additional parameters were presented according to studies in order to define the IAQ: 
 Occupant density. 
 Outdoor air. 
 Infiltration. 
 Materials and ventilation systems emissions. 
 Contaminant removal effectiveness in the occupied area. 
The contaminant removal effectiveness shows how effectively the air contaminants can be 
removed from a room. The level of it is around 100%. Unfortunately the 100% is difficult to 
be reached. But with the proper ventilation system the percentage can be raised by 100%-
200%. It has been shown that a reliable ventilation system can reduce allergies and respiratory 
illnesses like asthma in the working environment.  
However in a study that used two different ventilated systems, one with a recirculation mode 
and the other with all-outside-air mode the concentration of contaminants was at acceptable 
levels in both cases. Only specific pollutants such as 2CO , fine particulates, hydrocarbon and 
formaldehyde were found to be in higher concentrations indoors than outdoors and especially 
in the recirculation mode. Moreover health effects like eye and throat irritation were not 
severe according to the perception of the occupants.(R. Kosonen, 2004) 
In another study that examined two different ventilation systems (one naturally ventilated and 
the other air-conditioned) was shown that there were very small variations between the two 
spaces in the concentrations of CO and 2CO . Despite this, the concentrations of ozone and 
total oxidants, formaldehyde, particulate matters and volatile organic compounds were higher 
in the air conditioned space. Humidity and formaldehyde were clearly correlated with the air-
conditioned area. The research also showed that the health symptoms depend on the worker 
gender with women reporting more complaints about IAQ than men. This phenomenon was 
consistent in both rooms regardless of the ventilation mode. In the naturally ventilated space 
women reported symptoms such as headaches and dizziness and the same were noticed in the 
air conditioned space, but on higher levels. At the same time, in the naturally ventilated room 
women more than men reported fatigue, sleepiness, weakness, eye and throat irritation and 
skin dryness. The highest concentration of contaminants in the air conditioned space was not 
due to the ventilation system and similarly not by the outdoor air. Most pollutants were from 
indoor sources such as furniture materials, glues and carpets (Joon-Ho Choia, 2010). 
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In a study that took place in Denmark, office buildings were investigated as follows: one time 
they were investigated unoccupied without mechanical ventilation, a second time while 
unoccupied with mechanical ventilation and a third time occupied with mechanical 
ventilation. The results from this research were that air pollution was generated 20% by 
materials, 42% by the ventilation system, 25% by smoking and 13% by the occupants. This 
fact reveals that the air contamination does not depend mainly on the occupants as is often 
claimed, but that there are other factors that contribute to the pollution as well. The significant 
percentage of materials generated pollution indicates that building may often need to be 
redecorated, as the pollution may come from furniture, carpets or paints. The highest 
percentage of ventilation system generated pollution shows once more that ventilation 
systems must be inspected and cleaned frequently. As this may be affected by polluted 
outdoor air supply, appropriate measures need to be taken, such as the installation of air filters 
to improve the outdoor air intake quality (Sundell, 2004). 
 
1.10 Thermal comfort in office environments. 
 
Thermal comfort is a basic requirement not least in the work environment. Some studies that 
reveal the association between thermal comfort and productivity or satisfaction of the workers 
are presented below.  
A study about thermal comfort mentions as a main problem of indoor environment the 
overcooling of office buildings especially in hot climates, referring in particular in Singapore. 
There are two main aspects to this, acclimatization and air conditioning. Long term exposure 
to a hot and humid climate creates behavioral norms, such as dress code. The installation of 
air conditioning systems which keep low air temperatures can low relative humidity and may 
cause people to need extra clothing for indoor thermal comfort (J. Yu, 2011).  
A study conducted in Germany showed that naturally ventilated offices can be more 
comfortable in summer. Positive perceptions of thermal comfort can occur even if the 
temperature limits are beyond the limits that are introduced in standards for air-conditioned 
buildings.  In summer and winter the occupants expressed satisfaction within the indoor 
thermal environment due to the existence of control. This level of satisfaction is higher in 
winter as the difference in temperature between the indoor and outdoor environment is higher. 
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Two ways of increasing thermal comfort are proposed: changing in building layout and 
detailing or changing the occupant habits (E. Uhdea, 2006).  
A different research tried to correlate worker productivity with thermal discomfort. Following 
are some of the conclusions: 
 Working performance is negatively affected by thermal discomfort caused by unstable 
air temperature. 
 Optimal performance is achieved when the occupants of the office building feel 
slightly cool. 
 The relationship between thermal comfort and performance can be utilized as a tool to 
predict the productivity loss of workers and it can be used in a cost-benefit analysis to 
assess potential benefits or losses. 
In another study the difficulty of estimating working performance is showed to be 
significantly affected by factors other than the indoor conditions. For instance, a highly 
salaried person would not express their dissatisfaction for the indoor conditions as much as a 
low salaried person would (H.Rosenfeld, 1996).  
Furthermore, temperature can influence mental performance. If the temperature is slightly 
lower than the usual, this cooling can create arousal and alert the proficiency of the workers. 
A higher temperature can provoke thermal discomfort expressed by sweating and may cause 
relaxing and tiredness. The optimal temperature depends on the type of the task, the 
individual and the time of the day. Thermal comfort is subjective thing and individual control 
of various parameters can increase productivity. It has been estimated that if workers can 
control temperature by 3°C, productivity can increase by 3% for thinking and for intense 
skilled work and if they control it by 7°C productivity can increase by 7% for typing 
(H.Rosenfeld, 1996). 
The gender of the individual is another factor that can influence thermal comfort. According 
to studies females express more dissatisfaction than males with the thermal environment. One 
reason is the different clothing style between men and women. Another reason is the  
physiological differences between women and men. Females have 20% less body mass, 14% 
more body fat and 18% less surface skin area than males. The skin temperature of females is 
lower than that of males and women sweat less in higher temperature thermal environments. 
Females have less blood flow in vessels in comparison with men when exposed to cold and 
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they are more sensitive to significant variations of indoor temperature. Because of this women 
need more temperature regulation. Moreover, men are more comfortable in colder conditions 
than women (Karjalainen, 2011).  
 
1.11 Lighting in office environments. 
 
Lighting, like the previous parameters, can affect human performance since different working 
tasks demand different working lighting. Lighting can also create arousal for the integration 
of those tasks. The specific characteristics of light like luminance and spectral quality can 
influence the performance, especially when excellent vision is required. For instance, an 
alteration in lighting can improve the process and performance in completing tasks such as the 
careful inspection of products. In tasks that include reading high light intensity is required, a 
need increasing with age. As with all previous parameters lighting can improve the 
productivity of the workers when they have control of it. Bright indoor environments can 
influence the mood of workers and this can raise productivity levels. There is also a 
preference for daylight instead of artificial lighting (Steelcase, 1999).  
In order to improve satisfaction of workers from lighting the following issues must be 
addressed: 
 Lighting should be adapted to the requirements of the various tasks. Clerical tasks 
with files and papers, reading or computer based tasks require specific light 
conditions. People should be able to perform those tasks without suffering from glare 
or low light intensity. 
 Light control is another important issue for achieving visual comfort. Lighting 
preferences depend on the type of work, the amount of hours that spend on it, the 
specific time of work and personal preferences. Light control can be achieved with 
task lighting that is easily adjustable. 
 The utilization of new lighting technologies. The sensory lights that are switched on 
when somebody enters a room can save lighting and energy instead of the continuous 
lighting.  
 The efficiency and environmental implications. Lighting is energy consumer. In order 
to reduce energy consumption the ambient lighting must be kept in low levels and task 
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lighting ought to be exploited. Combined with efficient lights and intelligent lighting 
control, this can increase user satisfaction and lower environmental impact. 
 User satisfaction can be achieved by improving light sources. Quality lighting depends 
on the location, durability and serviceability of lighting components. So the 
maintenance of lights is a considerable factor. 
 Lighting should be in accordance with the architectural needs of the building. Lighting 
equipment should correspond the workers’ needs in combination with the plan of the 
building in order not to be very bright or very dark. 
 The integration of natural lighting can reduce the need for electric lighting. Natural 
lighting can be achieved through windows that allow daylight to get into the 
environment and connect people with the outdoors. This situation can have substantial 
benefits in the psychology and the physiology of the worker. 
 The lighting system must be inspected frequently and especially when there is a 
modification in the workplace like restructuring, in the working process like paper-
based work to computer-based work, in the workforce make up like aging group and 
in workplace technology like large screens. 
 
1.12 Green building. 
 
Last years the EU has adopted a more environmental friendly strategy towards the 
construction sector which has the purpose of constructing new buildings based on the idea of 
‘green building’. From statistic results of EU, the 40% of the energy consumed is from the 
buildings, the 28% from the industry and the 32% from the transport (International Energy 
Agency, 2009). These constructions save valuable amount of energy with the better utilization 
of solar energy, the use of materials that are environmentally friendly and the use of resources 
with caution. The supporters of green building design claim that the strategies of it can 
improve indoor environmental quality and hence the occupants’ health and performance. The 
main green building design guidelines are the following (Heerwagen, 2010): 
 Transcendent HVAC systems that increase the air inlets to the indoor environment and 
reduce the contact of the occupants with harmful microorganisms that have been 
released in the indoor air. 
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 Choice of building materials and furnishing that are made from non – toxic 
substances. 
 Enhancement of natural lighting to restrict the use of energy and improve the interior 
lighting. 
 Utilization of high efficient lighting to avoid the glare from computers and to develop 
better visual comfort. 
 Increase of contact with the natural environment through openings with an outside 
view for phychological reasons and better indoor air quality. 
 Better maintenance and precaution of the building, especially whatever refers to 
HVAC systems and building materials. 
So there is a clear linkage between green building and working performance. As it has been 
already mentioned in the study IEQ can affect the worker performance. The main conclusions 
that have been resulted from several studies that connect green building design with the 
working productivity are the following (Heerwagen, 2010): 
 The ambient conditions that prevail in a working environment influence the working 
performance. 
 The parameters that affect the overall performance are air quality, thermal comfort 
(including temperature, humidity level and ventilation) and lighting. 
 The personal control of ambient conditions can decrease the discomfort and achieve 
the preferred conditions for the completion of tasks and satisfaction of the personal 
preferences. 
 The personal control of ambient conditions can affect the working performance in 
various tasks. 
 The improvement of indoor conditions is a substantial component of green building 
design. 
 These improvements include the utilization of high efficient HVAC systems, the use 
of building materials that are not harmful to human’s health, the location of the 
building, high quality activities of maintenance and cleaning and use of high energy 
efficient technologies. 
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1.13 Building rating systems. 
The building rating systems are environmental and management tools focusing on the 
construction sector and targeting to green building as well as to economic and social benefits. 
The most well – known rating systems are the Leadership in Energy and Environmental 
Design (LEED) Green Building Rating System and the Building Research Establishment 
Environmental Assessment Method (BREEAM) Rating System. 
The strategic mission of LEED is to encourage and hasten the adoption of green building 
design through the implementation of globally accepted standards, tools and performance 
criteria. It was developed by U.S Green Building Council (USGBC), whose purpose is to 
make the public to move to green building that can promote human health, environmental 
protection, economic prosperity and social welfare. LEED has been developed according to 
the strategic mission of USGBC and by memberships of USGBC with some outside experts 
that present the whole alliance of building design stakeholders. It is a well – designed 
standard that distinguishes green building by design, construction and functionality from 
others and tries to make the building construction sector to focus on sustainability. The main 
objectives of LEED are the following (U.S Green Building Council, 2006): 
 The promotion of the most concrete benefits including environmental, economic and 
social benefits related to green building design. 
 The obtainment of the support by public and private stakeholders. 
 The obtainment of the support by governments to achieve policy development of 
green building. 
 The spread of high quality services that agree to the needs of the customers. 
 The production of technical instruments and support services for LEED products. 
 The development of LEED as a standard for building practices not only in the U.S but 
also globally. 
 The improvement of the parameters of LEED as its practices will be implemented in 
the industry. 
The LEED standard was invented in 2000 and it covers topics that are related to 
environmental conditions and human health, such as sustainable sites, water efficiency, 
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energy and atmosphere, materials and resources, indoor environmental quality and process 
and design innovation.  
Building Research Establishment Environmental Assessment Method (BREEAM) was 
developed in the United Kingdom in 1990 and is one of the most popular building 
environmental assessment methods with long track record. It also promotes the green building 
design and supplies clients, designers, developers with (Bre Group Companies): 
 Provision for low environmental constructions 
 Safety that the most recognized environmental practice is implemented to the building 
 Infusion to invent innovative solutions to minimize the environmental impacts 
 A tool to contribute to the reduction of costs and the melioration of living and working 
conditions and to ensure the growth of companies towards environmental goals. 
BREEAM covers a range of building types including offices, homes, industrial units, retail 
units and schools. It also manages environmental issues and uses a system for evaluation that 
is easy to comprehend and based on evident based research. BREEAM standard has a positive 
impact on the building construction and management. 
The major categories of BREEAM include water (consumption reduction, metering, leak 
detection), materials (asbestos mitigation, recycling facilities, reuse of structures, façade or 
materials, use of recycled materials and sustainable timber), land use (previously used land, 
use of remediated contaminated land), ecology (land with low ecological value or minimal 
change in value, maintaining major ecological systems on the land, minimization of 
biodiversity) and pollution (leak detection systems, on – site treatment, local or renewable 
energy sources, light pollution design, avoid use of ozone depleting). 
 
1.14 Post Occupancy Evaluation (POE). 
 
Buildings are mainly constructed to provide shelter to people and activities and protect them 
from rain, wind, snow and other adverse weather conditions. They provide the necessary 
equipment to succeed human’s comfort like water, electricity, waste disposal and avoidance 
of fires. So the design of them is significant in order to serve all these things.  
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In recent years the design’s expectations of buildings have been increased. Managers and 
owners of buildings and organizations are trying to adapt the design of the building according 
to the needs of their business projects in order to ensure profits and enhance the image of the 
companies. This can be succeeded through the improvement of the working performance, 
which is linked to pleasant indoor conditions, buildings that are easily maintained and not 
costly and through the satisfaction of clients (Federal Facilities Council, 2002).  
Post – Occupancy Evaluation (POE) is a tool that can be used by facility managers to improve 
the quality and the operation of the facilities they manage. This tool is very useful to 
organizations who are responsible for new building construction projects or those that need to 
be remodeled.  A clear definition of POE is following (Preiser, 1995): 
‘Post-occupancy evaluation is the process of systematically comparing actual building 
performance, i.e., performance measures, with explicitly stated performance criteria. These 
are typically documented in a facility program, which is a common pre-requisite for the 
design phases in the building delivery cycle. The comparison constitutes the evaluation in 
terms of both positive and negative performance aspects.’ 
 
So, Post – Occupancy Evaluation is a process that evaluates the buildings’ performance after 
they have been built and occupied. The POE has many differences among other buildings’ 
method evaluations as it considers the demands of the occupants of the building, including 
health, safety, operability and productiveness, comfort and above all satisfaction of the users. 
The results of POE can be used in construction programmes for the planning and designing of 
new facilities in order mistakes in the design of a building in the past not to be repeated.  
 
 
1.14.1 Benefits of POE. 
 
Stakeholders in buildings include owners, investors, operators, designers, maintenance 
personnel, users and occupants. A POE study can offer many benefits depending on the 
desires and scopes of the stakeholders. Some of them are presented below (Federal Facilities 
Council, 2002): 
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 The support of the policy development as it is expressed in the design guidelines. The 
reliability of the current guidelines can be tested and some improvements to the 
design specifications can occur or some totally new and innovating can be 
incorporated into them. 
 The improvement of the measurement of building performance by taking into account 
the users’ perception of the building and physical environmental factors that lead to 
new knowledge.  
 The trial of new ideas in the construction of the buildings and how these can succeed. 
 The collection of information from a POE study can be used to avoid significant costs 
and to affect future choices. A stakeholder can use the data from POE during the 
decision making stage before a building is constructed to avoid mistakes happened in 
the past. At this stage, the information of POE can intervene into changes of the 
design of a space as it can be imposed by low budget. 
 The life cycle of a building is inseparable with POE studies. A POE survey can 
identify the problems that could happen during the life cycle of the building (‘from 
cradle-to-grave’) like poor indoor conditions and lack of storage. For buildings that 
were designed flexible to changes if POE studies are often accomplished, this can 
lead to a greater efficiency of the building.  
 The accountability of designers and owners of the building towards building 
performance. The plan of the building should be agreed with the design standards and 
POE can inspect the quality of the building and shows responsibilities if the building 
is not planned correctly. 
 The substantial communication among stakeholders can be existed. When the 
occupants of the building feel that they are part of the company, their work and mood 
is improved and managers can handle them easily.   
 
1.14.2 Barriers of POE. 
 
In spite of the advantages that were analyzed before, there are some barriers in the conduction 
of POE studies. Very few companies have incorporated the changes that a POE survey 
enforces. The main reason for this situation is that a POE research recognizes the failures in a 
company’s organization and most of them do not have the premises and time to adopt the 
improvements. They were also not constructed with flexibility and the personnel that 
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underlies to the research are not rewarded. Additional obstacles of conducting a POE survey 
are presented below (Federal Facilities Council, 2002):  
 
 The inconvenience of connecting the positive results with the physical environment. 
This is difficult for those that transact a POE study, because they have to persuade the 
decision makers that the changes of POE can attribute positive outcomes and that the 
expenses for making a POE study were worthy. 
 The unwillingness of companies or building designers to take part in a procedure that 
will prove the weaknesses and attribute responsibilities to them.  
  The apprehension of gathering comments about the organization that can lead to 
costly changes to the functions of it or to the building. 
 The reluctance of building’s owners to participate to the programme. There are 
occasions where the fear of participating can be explained by the deviation of the 
management of the company from the needs of the company, which may be detected 
by shortage of resources or the visible plan of the company to the public. 
 The inability of delivering the information of POE studies to the stakeholders. 
 The compulsion of responding to the demands of an organization may delay the POE 
activity. The management may be occupied with the ongoing activities of the 
organization that the POE results may not be considered with the necessary respect. 
 The lack of the necessary equipment, professional and technical personnel for 
conducting a POE study. For the completion of a POE study, specialized people 
should be hired to analyze the results of it and to deliver the information to all the 
levels of the company. If an organization lacks of the necessary resources, it is 
disinclined to hire such expertise. 
 The structure of a company may create barriers to the completion of a POE survey. 
For the implementation of POE outcomes, cooperation of different offices and spaces 
may be needed and that can produce difficulties. 
 
1.14.3 Tools and methods used in POE  
 
Buildings are a multidimensional subject that needs to be researched in many levels. It should 
be take into consideration the interactions between occupants and the buildings and the 
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potential failures. That means that thermal comfort along with heating, ventilation and air – 
conditioning must be examined, illumination and visual comfort, users’ satisfaction and 
behavior because all these features can influence energy consumption and living. The 
methods and tools that are used for conducting POE studies are presented below (Isaac A. 
Meir, 2009). 
 
Measurements, monitoring, sampling. 
The features that need to be measured in the POE process are temperature, relative humidity, 
light intensity, circulation of air, noise and many harmful organisms and gases like allergens 
and carbon dioxide. These features seem to be easily measured but they consist of a more 
complicated issue. The standards that have been established like ASHRAE Standard 55 for 
thermal comfort are confronted with doubts. The measurement of these characteristics is not 
enough and must be examined in combination with phychological parameters. So the 
approach of these only of mechanical engineers is a wrong perception.  
 
Similarly, the Code for Interior Lighting provides quantitative standards and does not 
consider visual comfort along with qualitative characteristics like the colour of the materials. 
In addition to this in specific places with special climates, the designers have to depend on 
electric lighting so the standards that have been established are not the optimal choice to 
depend on. So the intense of POE becomes more important.  
 
Last but not least, misleading results can be obtained from calibration models, minimum 
monitoring period or number of samples due to differences in national and local levels. 
 
Surveys, questionnaires, cohort studies, observations, task performance tests. 
These tools can be used by themselves or with other tools that were referred above. Many 
researchers think of them like supporting tools to others, but a well – structured questionnaire 
may indicate the performance of the building about 80%.  
 
The main objective of these instruments is to understand the interactions between different 
parts of the building, between users and between users and the building. For example, the 
measurement of the air temperature is a clear process, but the perception of it by the 
building’s occupants is a completely alterative thing. So the occupants of the building are 
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requested to criticize the indoor conditions like temperature, noise, ventilation and other 
factors within the questionnaire.  
 
Task performance tests are utilized to comprehend the affection of indoor environmental 
conditions to the performance of users during a selected period. Those tests are usually 
consisted of a number of tasks like mathematical calculations or other tasks that are similar 
with the work that the users do while they spend their time in the building. Conditions that are 
not normal (too high or too low) will influence the individual’s result from the test.  
 
Document analysis, on – site observations. 
Documents analysis can be used before the construction phase through drawings, briefs or 
specifications with the purpose of correcting eventual failures. These can be the wrong choice 
of constructing elements or wrong structure of a space that can cause unexploited space of a 
building or malfunctions in someone’s behavior. Moreover, on – site observations may be 
helpful to recognize problems in a building like the acute utilization of the spaces or the not 
appropriate maintenance of HVAC systems.   
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Chapter 2 
A case study. 
 
2.1 Identification of an appropriate case study. 
 
In this study a research has been made of the premises of a pharmaceutical company which 
employs many employees (about 100 people), in order to understand the relations between 
objective (measurable) environmental conditions and subjective (as reported in questionnaire) 
perception of the former. The company is responsible for the storage of medicines and the 
delivery of them to the pharmacies in any area of Thessaloniki’s prefecture and it is located at 
the area of Raidestos that belongs to the municipality of Thermi in Thessaloniki. The specific 
location and the orientation of the building appear in Picture 2.1.1. 
 
 
Picture 2.1.1 Location of the case study. 
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The building was constructed in 2003 and consists of two floors. On the ground floor there is 
a warehouse that is used for the storage of medicines and the settling of the order boxes. On 
the first floor there are several workplaces including accountant’s offices, calling centers 
which the pharmacists are contacting to place orders and the offices of the executive 
managers.  
 
2.2 Research methodology. 
 
For the research needs, three different workplaces were chosen. The first workplace is located 
on the ground floor and the rest on the first floor. A total of 30 people are working in the three 
workplaces. The survey instrument that was used to facilitate the study was a questionnaire. 
The questionnaire consisted of 11 questions considering the satisfaction of the employees 
from the place in which they work.  
First, some personal information was asked like the gender (sex) of the respondent. The age 
was separated into 6 groups: below 25, between 25 and 35, between 35-45, between 45-55, 
between 55-65 and above 65. The next question relates to how many and which hours the 
respondents spend in the specific workplace and then how they are characterizing their work. 
For example, if it is office work, research work or work at a laboratory.  
Then the questionnaire asks about symptoms which may be identified with Sick Building 
Syndrome among them fatigue, sleepiness, eye irritation, headache, nose irritation, dry skin 
and sore throat. If at least one of the symptoms identified, the respondent is asked if the 
symptoms are relieved upon leaving the building. The next question related to the level of 
satisfaction of the employees concerning the following features: ventilation, temperature, 
noise, light and odors. Replies grade these environmental conditions into 5 levels - very poor, 
poor, moderate, good and very good. Beyond the questions that were referred before, the 
workers have been asked if they confront any problem with their mental activities like typing, 
thinking, concentration or any other activity. The next question is about the personal control 
of each employee of the adjustment of temperature and air quality of the space, specifically 
whether they open/close windows or doors, switch off/on the air-conditioning unit or have no 
control. Those who answered positively in this question were also asked if they feel any 
difference considering the thermal comfort or the air quality. Finally the respondents were 
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asked to evaluate the level of the satisfaction of their workplace. The questionnaire was 
delivered and filled by 30 employees. A sample of the questionnaire appears below.  
 
Questionnaire No.:                   Date:                         Time: 
Temperature:                   RH:                     Light intensity:                        Other observations: 
 
This questionnaire will be used for academic purpose, specifically for the development of a 
postgraduate research. 
Please answer to the following questions regarding your perception of the building in 
combination with your workplace. 
1. Personal information. 
 Sex:        
 Male 
 Female 
 
2. Age: 
 < 25 
 25 – 35 
 35 – 45 
 45 – 55 
 55 – 65 
 > 65 
 
3. Between which hours are you in this position?: 
7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 
 
4. Which one of the following options describes best your work in the specific location 
you are at the time of this survey? 
 Office 
 Research - office 
 Research – laboratory 
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 Care taker  
 Maintenance 
 Other - specify……………………. 
 
5. In the following list mark any of the symptoms you experience after 4 hours of work 
(you may mark more than one): 
 Fatigue 
 Sleepiness 
 Eye irritation 
 Headaches 
 Nose irritation 
 Dry skin 
 Sore throat 
 
6. Are the symptoms you marked generally relieved when you leave the building? 
 Yes 
 No 
 
 
7. Please highlight your level of satisfaction in relation to the following items: 
 
Ventilation:  Very poor  Poor  Moderate  Good  Very good 
Temperature:  Very poor  Poor  Moderate  Good  Very good 
Noise: 
(1)
  Very poor  Poor  Moderate  Good  Very good 
Lighting:  Very poor  Poor  Moderate  Good  Very good 
Odors: 
(2)
  Very poor  Poor  Moderate  Good  Very good 
(1) It refers only to sounds from PC, fluorescent tubes or outside noises 
 
(2) Odors from dust, mold, bathrooms or carpets 
 
8. Do you experience problems with any of the following functions? 
 
 Thinking 
 Typing 
 Concentration 
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 Others- Specify………………. 
 
9. Do you use one of the following options to adjust the thermal comfort and air quality 
of the indoor environment? 
 
 Open/close the window/s 
 Open /close the door/s 
 Switch on/off the air conditioning unit 
 Others - Specify……………….  
 You have no control  
 
 
10. If you use one of the above options to adjust the thermal comfort and air quality of 
the indoor environment – does it make any difference? 
 
 Only to thermal comfort 
 Only to air quality 
 To both 
 It makes no difference 
 
 
11. Mark you overall satisfaction with the building: 
Satisfaction:  Very poor  Poor  Moderate  Good  Very good 
 
State the reason/feature that influences your answer: 
…………………………………………………………………………………………………... 
Thank you for your time. 
 
 
Objective measurements were carried out alongside the administering of the questionnaire 
using were a digital thermo-hygrometer (Picture 2.2.1) and a digital light-meter for light 
intensity (Picture 2.2.2). Filling of questionnaires and measurements were done 
simultaneously in order to examine the specific complaints or satisfaction expressed by the 
workers and the conditions under which they work regarding temperature, humidity and light 
intensity. The measurements relate to each employee separately and it was attempted to 
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position the equipment identically for each work station of each worker. The survey took 
place on the 4
th
 of September 2012 between 11:00 – 13:30.  
 
Picture 2.2.1 Digital thermo-hygrometer. 
 
 
 
Picture 2.2.2. Digital light-meter. 
 
The next subchapters are describing the workplaces that were surveyed and the questionnaires 
that were filled by the employees about the conditions which they work. 
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2.3 Workplace 1. 
 
The first workplace that was examined is a call center with 6 employees working there. It is 
on the ground floor next to the warehouse that was mentioned above. It is positioned on the 
building aerial view below, marked by a red circle (Picture 2.3.1). 
 
 
Picture 2.3.1 Workplace 1. 
 
In order to understand the prevailing conditions in this specific workplace, the plan of it has to 
be portrayed (Picture 2.3.2). In the plan the yellow features are the lights and the grey features 
are the air ducts. The space resembles a square. The white dotted lines are windows. The right 
window does not open and is exposed to outdoors, as can be also seen in the Picture 2.3.2. 
The left window is a sliding one looking into the warehouse. The white numbers above the 
seats of the workers are the numbers of the questionnaires that these workers filled so as to 
know to which worker belongs each questionnaire. This space was constructed with concrete 
walls, the windows are double glazed, the floor is made of tiles and the door is wooden. In 
addition to this, the right window can be covered with blinds. Some photos of the space are 
included in the Appendix.  
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Picture 2.3.2 Plan of workplace 1. 
 
At this point the data of the questionnaires of these workers should be analyzed. In this 
workplace all employees are women, their working hours are 07:00 – 15:00 and their work 
may be characterized as clerical/call center. Only 4 workers filled the questionnaires due to 
the absence of the other two because of summer vacations. Analytically Table 3.3.1 shows 
these facts. 
 
Workstation 1 Gender Age 
Working 
hours 
Type of work 
Employee 1 female 35-45 7:00-15:00 Office 
Employee 2 female 35-45 7:00-15:00 Office 
Employee 3 female 35-45 7:00-15:00 Office 
Employee 4 female 45-55 7:00-15:00 Office 
Table 2.3.1 Personal information of employees in workplace 1. 
 
The age of the workers which is an important factor for how each worker can perceive the 
working space is appearing next (Graph 2.3.1). As it is seen three of the four workers are in 
the age group of 35 – 45.  
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Graph 2.3.1 Age of employees in workplace 1. 
 
It is really important to note these workers’ perception of ventilation, temperature, noise, 
lighting and odors. Graph 2.3.2 below shows these elements. 
 
 
Graph 2.3.2 Perception of employees of ventilation, temperature, lighting and odors in workplace 1. 
 
According to the data of the questionnaires, most employees find ventilation, temperature and 
noise ‘moderate’. This fact can be explained, regarding the noise first, because this workplace 
is next to the warehouse where many machines that are responsible for the orders are 
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functioning provoking noise and also many employees are working into the warehouse. The 
partition that separates this working station from the warehouse consists of a double glazed 
window which delineates the noise to pass inside the space instead of a concrete wall. People 
are generally satisfied with the odors levels because the space is clean and tidy and no water 
closet is near it.  
To understand why ventilation and temperature was rated as ‘moderate’, the Graph 2.3.3 
below may be of help.  
 
 
Graph 2.3.3 Temperature and relative humidity of employees in workplace 1. 
 
As it is seen from the graph the temperature of the space of each employee is around 27°C. 
This temperature is a little bit higher than the normal temperature in indoor environments 
(which in summer months is around 25°C for office activities) (Greek Institute of Health and 
Safety of Working, 2008), which may be indicated as the reason that the workers rate the 
temperature ‘moderate’. The relative humidity in office spaces should be between 40 – 60% 
(Greek Institute of Health and Safety of Working, 2008), so the value of the relative humidity 
in this workplace which ranges between 39% - 42% is acceptable and brings the combination 
of the slightly higher temperature to within the comfort zone due to the lower relative 
humidity. The main reason that ventilation was characterized as ‘moderate’ is that this 
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working area has no windows facing outdoors that open to replenish the air inside with fresh 
air from outside.  
The noticeable thing is what happens with the lighting in the space. The three workers define 
it as ‘good’ except one of them (‘moderate’). The normal light intensity that is acceptable for 
activities with computers (used by all the employees in this space) is about 300 – 500 lux 
(Tsaraklis, 2005). The measured light intensity of each employee appears in the Graph 2.3.4. 
 
 
Graph 2.3.4 Light intensity of employees in workplace 1. 
 
The measured value of light intensity of the two employees is 576 lux and of the rest is 607, 
higher values than the normal. However, no complaint was recorded about lighting.   
The following questions dealt with the most commonly mentioned symptoms. These are 
detailed in the in the graph below (Graph 2.3.5). According to the graph, the prevailing 
symptoms in this working station are eye irritation and headache, and then fatigue and nose 
irritation. Eye irritation can be caused because of working in front of the screen of the 
computer in combination with the high lighting that is emitted from the lights on the roof of 
the space or because of the poor ventilation that can cause dust or other harmful 
microorganisms to gather. 
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Graph 2.3.5 Symptoms of employees in workplace 1. 
 
Headache can also be caused by these factors or because of the noise that was referred by the 
employees as ‘moderate’. The main reason for nose irritation is the poor ventilation and 
fatigue can be caused by all these factors combined. 
Moreover, it is considerable to comprehend if these symptoms arise because of the existing 
conditions in the workplace. Graph 2.3.6 below is helpful for this purpose. 
 
 
Graph 2.3.6 Are you relieved from the symptoms when you leave the building? (workplace 1). 
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Half of the employees answered ‘yes’ while the rest answered ‘no’. Thus questionnaire results 
are of little use in deciding whether the symptoms are part of the Sick Building Syndrome, 
pursuant to which the symptoms disappear when a person leaves the place that caused them 
(W.Bradford Lyles, 1991). 
The next graph (Graph 2.3.7) shows potential problems encountered by the employees 
regarding mental activities like typing, thinking, concentration or other.  As it seems from the 
graph most employees experience no problem except one that has concentration problems.  
 
 
Graph 2.3.7 Do you have any problem with your mental activities? (workplace 1). 
 
This is an optimistic fact, because despite the complaints the workers have regarding 
ventilation, temperature and noise their working performance is not affected, or at least not 
perceived by them as being affected. 
The graphs that follow (Graph 2.3.8, Graph 2.3.9) show if the employees have any control 
over the adjustment of the temperature and the air quality of the space, which is this control 
and where they feel the difference of this adjustment. 
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Graph 2.3.8 How do you control the temperature and the air quality? (workplace 1). 
 
 
 
Graph 2.3.9 If you have control adjusting temperature and air quality where do you feel the 
difference? (workplace 1). 
 
According to the above graphs all of the employees have control over adjust the temperature 
and the air quality of the space by switching off/on the air – conditioning unit. This is very 
important as the people in this space have the opportunity to contrive by themselves the 
conditions that exist into it. Additionally, after the adjustment all employees feel the 
difference only regarding thermal comfort and not air quality. This maybe because before of 
the absence of windows enabling introduction of outdoor air, as mentioned before. The last 
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graph for this working station (Graph 2.3.10) shows the level of satisfaction of the employees 
regarding the space that they work in.  
 
 
Graph 2.3.10 Level of satisfaction of employees in workplace 1. 
 
The whole aggregation of employees considers the building as ‘moderate’ for the reasons that 
were analyzed before. 
Here it is significant to note that the employee that her seat is identified in the plan with the 
number 3 has the most complaints in comparison with the rest. She defined the temperature, 
ventilation and noise very poor and the lighting indifferent. Maybe this happens because the 
one lighting source that is near her seems to be behind her with the result of creating shadows 
in the space that she is working. The same problem seems to exist with the air duct that is in 
front of her and she may feel dissatisfied with the temperature and ventilation or primarily 
with the fact that the air is in her face. Regarding the noise, her seat is close to the window 
that faces the warehouse, but according to the plan of the space all the employees are close to 
this window. Therefore, sometimes the complaints may depend on the physiology of 
somebody’s body or his dissatisfaction from the work he does (H.Rosenfeld, 1996).  
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2.4 Workplace 2.  
 
The second workplace that was surveyed is also a call center with 17 employees. It is located 
on the first floor and is marked with the red circle in the building’s aerial view (Picture 2.4.1).  
 
Picture 2.4.1 Workplace 2. 
 
In order to understand the prevailing conditions in this working place, the plan of the space is 
necessary (Picture 2.4.2). In this plan, the yellow features are the light fixtures and the grey 
features are the air ducts that ventilate the room. The number on each workstation 
corresponds with the number of the specific employee’s questionnaire, filled the specific 
position. The orientation of the space is clearly seen. The white dotted lines on the south side 
of the space are double glazed windows facing outdoors and can be shaded with internal 
blinds. The western external wall (left) is concrete, whereas the northern (top), eastern (right) 
elements of the space envelope are double glazed partitions separating the working area from 
the rest of the first floor of the building. The floor is made of tiles and the door is glazed. 
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Picture 2.4.2 Plan of workplace 2. 
 
The data that were gathered from the questionnaires in this space are presented in the table 
below (Table 2.4.1). 
Workstation 2 Gender Age 
Working 
hours 
Type of 
work 
Employee 5 female 35-45 7:00-15:00 Office 
Employee 6 female 45-55 7:00-15:00 Office 
Employee 7 female 35-45 7:00-15:00 Office 
Employee 8 female 25-35 7:00-15:00 Office 
Employee 9 female 25-35 7:00-15:00 Office 
Employee 10 female 25-35 7:00-15:00 Office 
Employee 11 female 25-35 7:00-15:00 Office 
Employee 12 female 25-35 7:00-15:00 Office 
Employee 13 female 45-55 7:00-15:00 Office 
Employee 14 female 35-45 7:00-15:00 Office 
Employee 15 female 25-35 7:00-15:00 Office 
Employee 16 female 45-55 7:00-15:00 Office 
Employee 17 female <25 7:00-15:00 Office 
Employee 18 female 25-35 7:00-15:00 Office 
Employee 19 female <25 7:00-15:00 Office 
Employee 20 female 25-35 7:00-15:00 Office 
Employee 21 female 35-45 7:00-15:00 Office 
Table 2.4.1 Personal information of employees in workplace 2. 
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As before, in this workstation all the employees are women. There are 18 workers in this area, 
but one worker was missing due to summer vacations. All of them have the same working 
hours (07:00 – 15:00) and they are involved in clerical work as the space functions as a call 
center, where pharmacists place their medicine orders. The age of the employees is clearly 
exhibited below (Graph 2.4.1). Most employees (around 47%) are between 25 – 35 years old. 
The group age that follows is 45 – 55 years old (24%), then the one that includes the 
employees between 35 – 45 years old (17%) and finally the age group of < 25 about 12%.  
Age can play a significant role in the individual’s perception of the conditions in an 
environment (Karjalainen, 2011).  
 
 
Graph 2.4.1 Age of the employees in workplace 2. 
 
So it is interesting now to investigate how these employees feel in the environment that they 
work, regarding temperature, ventilation, noise, lighting and odors. The Graph 2.4.2 below 
serves this purpose. 
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Graph 2.4.2 Perception of employees of ventilation, temperature, lighting and odors in workplace 2. 
 
Most employees find ventilation ‘moderate’ (59%) and the 35% of them finds it ‘good’. 
Likewise, most workers characterized the temperature as ‘moderate’ (53%) and about 29% as 
‘good’. The noise according to the answers of the employees is ‘very poor’ (41%). Moreover, 
29% of the employees consider of the noise level as ‘moderate’ and 24% as ‘poor’. These 
statistical values show the dissatisfaction of the workers regarding the noise. This situation 
might exist because many employees, 18 in total, are working in the same space, the space is 
used as a call center where many people speak simultaneously, many phones ring and there 
are no separating partitions between employees to mitigate the noise. Most employees seem to 
be satisfied with the lighting, 65% of them specify it as ‘good’ and also with the odors with 
53% of them defining the level as ‘good’. The space is clean and tidy, the workers look after 
their room to remove the dust and no toilets are nearby, the latter often being sources of 
unpleasant odors. 
Graph 2.4.3 below may help understand why ventilation and temperature are characterized as 
‘moderate’ by displaying the values for temperature and relative humidity for each 
employee’s workstation.  
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Graph 2.4.3 Temperature and relative humidity of employees in workplace 2. 
 
What can be concluded from the graph is that the relative humidity in all workstations is 
around 46 – 48%, values that are acceptable for humidity in office environments. The 
temperatures are between 25.7 - 28°C, higher than the normal for summer months. The 
temperature in Thessaloniki during the time of the survey on the 4
th
 of September was 30°C 
(Ethnos, 2012). That is may be the reason that the employees are not very satisfied with the 
temperature. Ventilation can be achieved by opening one or more of the three windows in this 
workplace. However these may not be enough for the exchange of indoor air with fresh air, 
not least due to high density of employees in the given space and the small distances between 
them which may be constraining ventilation. Table 2.4.2 shows analytically the rates of 
temperature and relative humidity of each employee’s workstation.  
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Table 2.4.2 Temperature and relative humidity of employees in workplace 2. 
 
Graph 2.4.4 shows the values of light intensity for each employee in the specific working 
station. Most measurements are below 200 lux, which means that the space is relatively dark. 
However, most of the employees are satisfied with this condition. Employee 12 enjoys the 
highest light intensity, as she is sitting next to the window and under a light fixture. The value 
of the light intensity is 662 lux, defined by the employee as ‘moderate’. The value is higher 
than the normal, which is 300 – 500 lux for office activities with a computer. Employees 13 
and 14 seem to be within these values, so they have the optimal lighting expressed by 
employee 13 as ‘very good’ and by employee 14 as ‘good’. Analytically the values for the 
light intensity of each employee appear in Table 2.4.3. 
Employees Temperature (°C) RH (%)
Employee 5 26,2 46
Employee 6 26 47
Employee 7 25,7 47
Employee 8 26,05 47
Employee 9 26,65 49
Employee 10 28 47
Employee 11 27,3 48
Employee 12 26,7 47
Employee 13 26,95 47
Employee 14 27,05 47
Employee 15 26,8 48
Employee 16 26,8 48
Employee 17 26,9 47
Employee 18 26,95 47
Employee 19 26,9 47
Employee 20 27 47
Employee 21 26,6 47
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Graph 2.4.4 Light intensity of employees in workplace 2. 
 
 
Employees 
Light intensity 
(lux) 
Employee 5 196 
Employee 6 162 
Employee 7 146 
Employee 8 163 
Employee 9 130 
Employee 10 196 
Employee 11 195 
Employee 12 662 
Employee 13 430 
Employee 14 416 
Employee 15 130 
Employee 16 176 
Employee 17 117 
Employee 18 185 
Employee 19 208 
Employee 20 116 
Employee 21 184 
Table 2.4.3 Light intensity of each employee in workplace 2. 
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Next, Graph 2.4.5 shows the symptoms that mostly prevail among the employees in the 
working environment 2.  
 
 
Graph 2.4.5 Symptoms of employees in workplace 2. 
 
According to the previous graph the most common symptoms among the employees are first 
headache, then eye irritation, fatigue, sleepiness and sore throat. Headache can be caused by 
the noise that exists in the call center, an issue that according to the data bothers the workers. 
Working with a computer for many hours can generate complaints about eye irritation. 
Fatigue is another symptom that can be engendered by poor conditions in combination with 
mental or body weakness from working. 
Graph 2.4.6 is really interesting as it displays if the employees are relieved from the 
symptoms when they leave the building. According to the graph 76% of the employees are 
relieved from the symptoms while the rest is not relieved.  This remark is very significant as it 
ensures the existence of sick building syndrome in which the symptoms disappear when an 
individual is not at the building. 
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Graph 2.4.6 Are you relieved from the symptoms when you leave the building? (workplace 2). 
 
The following graph (Graph 2.4.7) indicates if anyone from the employees has any problem 
with her mental activities like concentration, typing, thinking or something different from 
them. 
 
 
Graph 2.4.7 Do you have any problem with your mental activities? (workplace 2). 
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Most employees have no malfunction with the mental activities (53%). A smaller percentage 
seems to have a problem with concentration (35%), followed by thinking and finally typing. 
The fact that most employees have no problem is positive as the symptoms that they may 
have do not affect their overall working performance. 
The next graph demonstrates how the employees can control the temperature and the air 
quality into the space.  
 
 
Graph 2.4.8 How do you control the temperature and the air quality? (workplace 2). 
 
From the graph it can be ensued that most employees (82%) open or close windows in order 
to adjust the temperature and the air quality. A considerable percentage switches on or off the 
air – conditioning unit. The fact that the employees have control over the temperature and the 
quality of the air in the working space is very important because they can regulate the indoor 
conditions depending on their needs. 
The next graph states if the employees feel any difference when they adapt the temperature 
and the air quality according to their needs. Most employees feel the difference to both 
temperature and air quality. That means that the HVAC systems are functioning well or the 
workers refresh the air of the space regularly. The employees that answer that there is no 
difference after the adjustment of the temperature and of the air quality sit at the positions 5, 
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17 and 21. The three positions are away from the windows, which may explain their 
perception. 
 
 
Graph 2.4.9 If you have control adjusting temperature and air quality where do you feel the 
difference? (workplace 2). 
 
The last graph is also important as it indicates the level of satisfaction of the works regarding 
the working environment (Graph 2.4.10). About half of the employees (47%) describe the 
space as ‘good’, while similar percentage of them (41%) think of it as ‘moderate’. The rest 
characterized it as ‘very good’. These values may indicate that there is a general satisfaction 
with the workplace despite some complaints. Studies have shown that often people satisfied if 
with their job, can also seem satisfied with the working conditions even when these are poor.   
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Graph 2.4.10 Level of satisfaction of employees in workplace 2. 
 
To conclude, it is essential to examine some individual observations of the space. For 
example the employee that according to Picture 2.4.2 sits at the position 5 characterized the 
ventilation as ‘poor’ and the temperature as ‘very poor’. If we observe the plan of the space 
carefully, we will realize that this employee sits far away from windows and no air duct is 
near her. This situation can explain her dissatisfaction from the conditions. In addition to this, 
the employee that her location is at number 7 defined the temperature as ‘poor’ and the 
ventilation as ‘moderate’. The office of this employee is at the opposite side of the windows 
and far way from any air duct. Indeed, this employee has expressed the complaint that the 
roof blinds of the air ducts are not distributed correctly in the space. However, the employee 
that sits in the position 9 according to the plan, exactly behind of the employee at number 7 
with no air duct near to her, described the temperature and the ventilation as ‘good’. The 
difference that can be found between these two employees is their age. Employee number 9 is 
younger as she belongs at the age group of 25 – 35 while employee number 7 belongs at 35 – 
45. The age of someone can play a significant role in the perception of environmental 
conditions. Older people are more sensitive and less flexible and this example may illustrate 
this fact. Moreover, the employee that sits in location 8 complained about temperature and 
ventilation. Similarly this seat is not close to windows and to air ducts and it can be observed 
from the plan of the room that seats 5,7 and 8 are close to each other.   
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Finally, the employee that sits at the position 12 rated ventilation and temperature as 
‘moderate’ despite sitting next to a window. This employee in this space has the highest light 
intensity (662 lux), as was mentioned before. This light intensity is probably a combination of 
proximity to the south facing window, the light above and maybe even the radiation emitted 
from the computer screen. However these three features can raise the temperature and 
provoke discomfort to the employee. It is also possible that glare caused by the proximity of 
the screen to the window, or a high contrast between surfaces can create eye irritation, a 
symptom that was mentioned by the employee. Nevertheless the employee that sits at position 
18, in which similar conditions exist with the difference that in this case the light source from 
the ceiling is more distant from the employee’s workplace, is very satisfied with the working 
conditions as she finds them as ‘good’ and ‘very good’. 
 
2.5 Workplace 3. 
 
The third workplace that was inquired is on the first floor located in the center of it and it is 
full of accountant and sales offices. 9 people work there and the measurements took place 
from 12:37 to 13:31. The specific location of this workplace according to Picture 2.5.1, in 
which the overall building is shown, is indicated be the red circle.  
 
Picture 2.5.1 Workplace 3. 
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Similarly with the rest of the working stations, a plan of the space is shown below (Picture 
2.5.2). This working area consists of 5 different workplaces that are separated between them 
with double - glazed partitions. The yellow features are the light sources in the ceiling and the 
grey are the air ducts. The numbers above the workstations correspond with numbers of the 
questionnaires that each employee filled, allowing the correlation of questionnaires to 
individual employees and their corresponding location. The orientation of the space is 
indicated. The space is located at the centre of the floor, so the surrounding glazed partitions 
are adjacent to internal halls of the floor that delineate the circulation of the employees among 
the different working rooms. The sixth space that is presented in the plan functions as a 
boardroom, where the meetings of the executive managers are held. The floor is made of tiles 
and every employee has a computer on the desk.  
 
 
Picture 2.5.2 Plan of workplace 3. 
 
Data that were gathered from the questionnaires are processed and analyzed below. Table 
2.5.1 shows all the personal information of the workers.  
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Workstation 3 Gender Age 
Working 
hours 
Type of work 
Employee 22 female 35-45 7:00-15:00 Office 
Employee 23 female 45-55 7:00-15:00 Office 
Employee 24 female 25-35 7:00-15:00 Office 
Employee 25 female 25-35 7:00-15:00 Office 
Employee 26 female 35-45 7:00-15:00 Office 
Employee 27 female 35-45 7:00-15:00 Office 
Employee 28 female <25 7:00-15:00 Office 
Employee 29 female 35-45 7:00-15:00 Office 
Employee 30 male 45-55 7:00-15:00 Office 
Table 2.5.1 Personal information of employees in workplace 3 
 
All the employees in this working station are females except a male one. Working hours are 
from 07:00 to 15:00, as before. Work performed here is office/clerical work as focusing on 
accountant and sales services as reported before. The next graph presents the age of the 
employees (Graph 2.5.1). 
 
 
Graph 2.5.1 Age of employees in workplace 3. 
 
Most employees are 35 – 45 years old (45%), 2 of them are 25 – 35 years old and another two 
are 45 – 55 years old; only one is under the age of 25. The age, as has been already 
mentioned, can be a significant factor in experiencing environmental conditions. Following 
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are the questionnaire results of the employees’ perception about their environment regarding 
temperature, ventilation, noise, lighting and odors.  
 
 
Graph 2.5.2 Perception of employees of ventilation, temperature, lighting and odors in workplace 3. 
 
According to the above graph, most employees (67%) characterized ventilation as ‘moderate’ 
and the rest as ‘good’. Regarding the temperature no useful result can be gained because 44% 
of the employees think of it as ‘moderate’ and a similar percentage think of it as ‘good’. 
However, there is a small percentage (11%) that thinks of it as ‘very good’. So generally it 
can be assumed that the employees are satisfied with the temperature. This probably means 
that the HVAC systems are functioning properly, since the space is at the centre of the floor, 
with no opening to outdoors. Noise is characterized by most employees (41%) as ‘very poor’, 
followed by 29% which considering it as ‘moderate’ and 24% considers it as ‘poor’. This s 
may originate in this space’s proximity to all other workspaces on this floor, and due to its 
central position, allowing the penetration of external noises from other offices. Lighting is 
characterized by the most (65%) as ‘good’ and by a smaller percentage (29%) as ‘moderate’. 
Finally most employees are satisfied with the odors level as can be concluded by the high 
percentage (67%) that finds it ‘very good’. The employees take care of their space to avoid 
dust or other harmful microorganisms and no toilets that can emit unpleasant odors are near 
this space. 
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The next graph (Graph 2.5.3) displays the values of temperature and relative humidity for 
each employee’s specific workspace.  
 
Graph 2.5.3 Temperature and relative humidity of employees in workplace 3. 
 
According to the graph above the relative humidity ranges between roughly 45 – 47%, values 
that are acceptable for office environments. The temperatures are a little bit above the 25°C 
(normal temperature for office environments) except two, so maybe this is the reason that the 
employees feel a thermal discomfort expressed by complaints they made. The two employees 
that have temperature around 25°C as a consequence think of it as ‘good’. Table 2.5.2 shows 
the accurate values of temperature and relative humidity. 
Workstation 3 Temperature (°C) RH (%) 
Employee 22 26,85 47 
Employee 23 26,2 47 
Employee 24 27,15 45 
Employee 25 27,15 45 
Employee 26 25,8 46 
Employee 27 26,1 46 
Employee 28 24,75 46 
Employee 29 24,9 46 
Employee 30 25,45 47 
Table 2.5.2 Temperature and relative humidity of employees in workplace 3 
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Graph 2.5.4 presents the light intensity of each employee in this working environment.  
 
Graph 2.5.4 Light intensity of employees in workplace 3. 
 
As it is seen from the above graph, the light intensity ranges from 132 lux to 206 lux. These 
values are low considering the allowable light limits that are between 300 – 500 lux for 
offices and computer-based tasks. However, all the employees expressed their satisfaction 
concerning the lighting, except one that characterized the lighting as ‘moderate’. This one 
employee is male and maybe this proves that conditions in a building are perceived differently 
by the two genders (though it is not statistically valid to base a far reaching conclusion on one 
person).  . Table 2.5.3 shows the individual measurements of light intensity.  
 
Employees Light intensity 
Employee 22 205 
Employee 23 206 
Employee 24 136 
Employee 25 132 
Employee 26 165 
Employee 27 189 
Employee 28 172 
Employee 29 180 
Employee 30 196 
Table 2.5.3 Light intensity of each employee in workplace 3 
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Graph 2.5.5 shows the symptoms that the employees have during their working hours in the 
workplace 3. 
 
 
Graph 2.5.5 Symptoms of employees in workplace 3. 
 
The symptoms that the workers of this environment experience are firstly fatigue with 
sleepiness (44% both), then eye irritation, headache and sore throat and one of them 
mentioned that she experiences no symptoms at all. Fatigue and sleepiness are the causes of 
mental and physical weakness that can be produced by poor indoor conditions. Moreover, eye 
irritation and headache can be caused by the same reason.  
At this point, it is really important to understand if the employees are relieved from the 
symptoms when they leave the building.  
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Graph 2.5.6 Are you relieved from the symptoms when you leave the building? (workplace 3). 
 
Most employees were positive to this question (about 56%) and those that answered 
negatively were 33%. Such results point to the existence of Sick Building Syndrome as for the 
majority of the interviewees the symptoms are relieved when exit the building.  
The next graph presents potential problems the employees may have with their mental 
activities such as concentration, typing, thinking or other (Graph 2.5.7). According to the 
graph, most employees confront no problem with their mental activities (67%) and a smaller 
percentage has a problem with concentration.  
 
 
Graph 2.5.7 Do you have any problem with your mental activities? (workplace 3). 
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The following graph (Graph 2.5.8) shows how the employees can control indoor temperature 
and air quality.  
 
 
Graph 2.5.8 How do you control the temperature and the air quality? (workplace 3). 
 
So, most of the employees can switch off or on the air – conditioning unit (44%). However 
there is a noticeable percentage of 33% that has no control over these features. The rest can 
open or close the doors as in this space there are no windows.  
In addition to the previous graphs, the Graph 2.5.9 presents the answer that the employees 
gave to the question if they have control over the temperature and the air quality where they 
felt the difference.  
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Graph 2.5.9 If you have control adjusting temperature and air quality where do you feel the 
difference? (workplace 3). 
 
Most employees answered that they felt the difference in thermal comfort (67%). That means 
that the HVAC systems function normally. But, 2 of them answered that there is no difference 
when they try to adjust the temperature and air quality. These two employees are sitting at 
numbers 22 and 26. According to the plan of the space (Picture 2.5.2), the positions of both 
employees are away from the air ducts and that may be an explanation for this.  
The following graph represents the satisfaction of the employees from the area that they work 
in (Graph 2.5.10).   
 
Graph 2.5.10 Level of satisfaction of employees in workplace 3. 
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About 67% of the employees are satisfied with the workplace, expressed by the definition of 
‘good’. 2 of them characterized it as ‘very poor’ and one as ‘moderate’. 
To conclude, it is very interesting to see why there is such a difference between the levels of 
satisfaction among the employees. From the data gathered from the questionnaires, one can 
realize that three of the employees seem dissatisfied from their working environment. These 
employees sit at workstations 24, 25 and 26 (see Picture 2.5.2). They experienced the most 
symptoms. Employee at position 24 complained about sleepiness, eye irritation and sore 
throat. Additionally employee at position 25 mentioned fatigue and sleepiness and the last 
employee fatigue, sleepiness and eye irritation. Employees 24 and 25 are working in the same 
space and employee 30 is working in a space next to it, both spaces at the north side of the 
overall space. Maybe the location of the two spaces plays a significant role. The air ducts may 
not be well distributed or they do not operate normally or they are not clean. Also, the three 
employees are the only who enunciated problem with their mental activities. Specifically 
employees 24 and 25 mentioned that they have a problem with their concentration and 
employee 30 with concentration and thinking. The type of work is a factor that can influence 
this answer. If they perform a task that is mentally more difficult, they need better indoor 
conditions. Moreover, these employees according to their answers have no control to adjust 
the temperature and the air quality. This can be another reason for being dissatisfied from the 
space and symptoms experienced.  
Photos of the spaces are included in the Appendix. 
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Chapter 3 
Conclusions  
 
In this survey the indoor environmental conditions and the existence of SBS in an office 
building in three different working spaces were examined. The employees were administered 
a structured and detailed questionnaire focusing on their experiencing the workspace and 
showed the main Indoor Environmental problems they confront during their working time. 
Due to time constraints we have undertaken only hot season surveys and measurements. 
However, for a thorough understanding of the intricate relations between a building and its 
occupants long term monitoring and multiple surveys are necessary, which map such 
interactions in the hot, the cold and the transitions seasons The main conclusions that were 
obtained from the study are presented below: 
 
In the first workplace, employees characterized noise, ventilation and temperature as 
’moderate’. This working area is next to the warehouse in which many employees are 
working and heavy technologies are used that can create noise bothering the employees. Only 
a double – glazed window separates the two spaces, which seems to provide some level of 
acoustic insulation. The improvement of noise control can be achieved by a partition made of 
sound insulating materials (National Office of Work, 1992). The improvement of ventilation 
and temperature can be achieved by replacing the fixed window with an openable one. In this 
way, air will be replenished with fresh outdoor air. Also, to achieve thermal comfort the 
combination of natural and mechanical ventilation is preferable (National Office of Work, 
1992). It is also possible that the space is in need of more air duct outlets. The symptoms that 
were recorded among the employees in this specific environment were eye irritation and 
headache, which both are symptoms of SBS. However, no significant result was obtained 
about the existence of SBS because half of them were relieved from the symptoms when they 
leave the building and the other half were not. Most of them did not have any problem with 
the mental activities and can by themselves adjust the temperature and air quality by 
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switching on or off the air – conditioning unit. The difference after the adjustment seems to be 
felt in thermal comfort conditions.    
 
In the second workplace, most workers again defined the temperature and ventilation as 
’moderate’. The temperature and ventilation can be corrected through the combination of 
natural and mechanical ventilation. The latter can be achieved with the use of highly efficient 
HVAC systems and the proper maintenance of them (Branz Ltd, 2007). Natural ventilation 
can be achieved with operable windows. It might be useful for mechanical ventilation if more 
air outlets are installed in this space which is used by many, densely positioned employees. 
Additionally the workers of this space expressed many complaints about the noise. The high 
levels of noise prevailing in this working environment can be confronted with the 
construction of an acoustic ceiling made of sound absorbing materials that can mitigate the 
noise, or by partitions made of sound absorbing materials that separate employees from each 
other. The symptoms mostly mentioned are headache, eye irritation, fatigue, and then 
sleepiness and sore throat. A large amount of the workers recorded that they are relieved from 
the symptoms when they leave the building and that indicates the existence of SBS. The 
resolving of the symptoms can be achieved through proper ventilation of the space (Branz 
Ltd, 2007). Most workers have no problem with the mental activities and can control air 
quality and temperature through the opening of windows and doors and switching on or off 
the air – conditioning unit. After the adjustment of the indoor conditions, many employees 
feel difference in thermal comfort and air quality. 
 
In the third workplace, most employees again expressed many complaints about the noise. 
The solution to this problem is the construction of an acoustic ceiling with sound absorbing 
materials that can absorb the noise. The symptoms that were mostly mentioned are fatigue, 
sleepiness and eye irritation. All of these symptoms are part of SBS and according to the 
answers of the employees most of them are relieved when they are away from the building. 
Most employees do not have any problem with the mental activities and can adjust the 
temperature and air quality by switching off or on the air – conditioning unit. After this 
control the difference is felt in thermal comfort. But this space in comparison with the other 
two has a particularity. 3 of the employees mentioned more SBS symptoms, have problem 
with their mental activities like concentration and have no control to adjust the temperature 
and the air quality. In SBS psychological factors play a significant role and this absence of 
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control of indoor conditions can uplift the SBS symptoms (Burge, 2004). So the personal 
control of each employee over the indoor conditions can reduce the appearance of the 
symptoms. 
 
Regarding the specific study, the proposed surveys that can be done are the following: 
 
 Measuring the energy consumption of this building.  
 Measuring the CO2 concentration throughout the day to identify need for higher 
outdoor air introduction to the space (a need hinted at by the discrepancy between 
thermal comfort satisfaction alongside prevalent SBS symptoms). 
 Measuring noise levels and proposing specific appropriate solutions. It may prove 
interesting to compare complaints from noise levels in this building with similar office 
spaces in other countries. Behavioral issues may render specific architectonic practices 
(e.g., open space office) as problematic in some countries as opposed to others. 
 Applying the proposed measures of improvement and examination of user satisfaction. 
 Applying the proposed measures of improvement and measurement of energy 
consumption. 
 Conducting of POE studies in other office buildings and comparing between them. 
 Conducting of POE studies in other public buildings like hospitals or museums to 
further understand the importance of POE. 
 Measuring the productivity of the specific workers with specialized tests. The results 
of such studies may show the cost-effective nature of workspace improvement, by 
illustrating the economic losses due to environmentally hindered performance. 
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Appendix 
 
In this part of the dissertation some photos of the workplaces are presented. 
 
A.1 Workplace 1.  
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A.2 Workplace 2. 
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A.3 Workplace 3. 
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The questionnaires that were filled by the employees will be submitted with the hardcopy of 
the dissertation. 
